We have employed computational methods based on density functional theory to elucidate the effects of equatorial ligands on the electronic structures of trans-dioxometal complexes. In complexes with ammine (r-only) equatorial donors, the 1 A 1 g (b 2 g ) 2 → 1 E g (b 2 g ) 1 (e g ) 1 excitation energy increases with metal oxidation state: Mo(IV) < Tc(V) < Ru(VI) and W(IV) < Re(V) < Os(VI). Increasing transition energies are attributed to enhanced oxometal p-donor interactions in the higher valent central metals. But in complexes with cyanide equatorial donors, the 1 A 1 g (b 2 g ) 2 → 1 E g (b 2 g ) 1 (e g ) 1 energy remains roughly independent of metal oxidation state, likely owing to the compensating increased p-donation from the p(CN) orbitals to the metal d xy orbitals as the oxidation state of the metal increases.
Introduction
Multiple bonds stabilize high oxidation states of oxometal units. (Fig. 1) . We consider M = Mo, Tc, Ru, W, Re, Os; L = NH 3 , z = 2+, +, 0; L = CN − , z = 2−, 3−, 4−. The ground state is 1 A 1 g (b 2 g ) 2 , with a well established ligand field splitting pattern: b 2 g (xy) < e g (xz, yz) < b 1 g (x 2 -y 2 ) < a 1 g (z 2 ). The lowest lying electronic excitations involve transitions from the nonbonding b 2 g orbital to a p-antibonding e g orbital. The 1 A 1 g (b 2 g ) 2 → 1 E g (b 2 g ) 1 (e g ) 1 excitation and the spin-forbidden 1 A 1 g (b 2 g ) 2 → 3 E g (b 2 g ) 1 (e g ) 1 transition are distinct features in the absorption spectra of trans-dioxometal complexes. Radiative decay of the triplet excited state is often prominent as well. z , we note a general increase in D with increase in metal oxidation state: Mo(IV) < Tc(V) < Ru(VI) and W(IV) < Re(V) < Os(VI). For [MO 2 (CN) 4 ] z the values of D remain roughly independent of the oxidation state of the central metal.
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Computational methods
All calculations reported herein were performed with the TUR-BOMOLE program package for ab initio electronic structure calculations. 13 We used the TZVP basis set 14 for all atoms in calculating the properties of these complexes. For each metal, we used the effective core potentials given by Andrae et al. 15 to account for relativistic effects. We performed four different DFT calculations for each complex, each using a different exchangecorrelation functional selected from B3LYP, PBE, BP86, and BLYP.
16- 24 The calculations were done using the COSMO continuum solvation model 25 with dielectric constant 37.5. Each calculation was performed with an m3 gridsize. 26 The geometry of each complex was optimized using TURBOMOLE's JOBEX program with generalized internal coordinates 27 and the corresponding STATPT module. Energies of well-converged groundstate molecular orbitals were calculated with the DSCF module for semi-direct self-consistent-field evaluation. We then used these ground-state molecular orbitals to calculate the energies of the lowest-lying singlet → singlet transitions with the ESCF package for full TDDFT calculations.
28, 29 We have previously used similar methods in TURBOMOLE successfully to investigate the electronic structures of various inorganic complexes.
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Results and discussion
The calculated ground-state bond distances and
1 (e g ) 1 excitation energies for twelve d 2 -trans-dioxometal complexes are in good agreement with experiment (Tables 1-5 4 ] z , these energies remain roughly constant, as there is relatively greater destabilization of b 2 g (xy) when p-donors occupy equatorial positions.
